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Executive Summary

Few epi dem ol ogi cal studies have attenpted to derive a functiona
rel ati onship between lung function of children and daily air pollution
concentrations. The present study derives concentration-response functions
for the effects of daily average TSP, RSP, sulfate, and nitrate
concentrations on the pulnonary function scores (FEV.75) of up to 4,800
el enentary school children living in one of six Birmngham Al abana
communities. The children were tested for pulnonary function in each of
three rounds (Cctober-Novenber 1972, January-February 1973, April- My
1973). Before testing began, a chronic disease questionnaire based on the
British Medical Research Council's Chronic Bronchitis Questionnaire was
sent hone with each child to be filled out by the nother. |t contained
denogr aphi ¢, socioecononic, and health-related questions, as well as a
question on the presence of a gas stove.

Twenty-four hour average pollution concentrations at six monitors were
collected by EPA for total suspended particulates (TSP), respirable
particulates (RSP), sulfates and nitrates. Because RSP and TSP are so
highly correlated, we dropped one of these neasures (RSP) from further
anal ysi s.

Li near and non-linear regression was used to analyze, in each round,
the relationship between FEV scores and age, height, sex, race (white or
other), packs per day snoked by the nother, and, separately, by the father,
an interaction termfor age by sex by nmother's snoking status, type of
stove heat (gas or other), education of famly head, number of famly
menbers per room famly size, nother head of household (yes or no), the

presence of active asthma or cold synptoms on the test day, the presence of



chronic bronchitis, and dummy variables for the teans and the spironeters
used in the lung function tests. The latter variables were used to capture
any biases in the admnistration of the tests or the neasurement of test
scores. Finally, we added pollution variables, including the 24-hour
average concentrations of pollutants the day of the FEV exam and the day
before the exam these terns in squared or log form(to test for particular
nonlinear relationships), the average daily values for the previous week,
the maxi num daily concentration for the previous week, and the average for
the previous nonth.

We also estinated regressions for the subpopul ati on of nornal,

asynptomatic children and then the subpopul ation of synptomatic children
who participated in the Birm ngham study. A synptomatic child is defined
as one who had asthma synptonms or cold synptons on the day of the test, or
who has chronic bronchitis. An asynptomatic child is defined as one who
has none of these.

Linear regressions with the full sanple reveal that the variables in
this general nodel explain, in each of the three rounds, about 74% of the
variation in FEV scores. Age, height, sex, and race account for nost of
this variation, along with dunmy variables for presence of chronic
bronchitis, asthma synptoms, and cold synptoms. O |esser inportance, but
with generally significant, positive effects on FEV is educationa
attainment. Famly size and crowding in the house have unexpected
positive, but small, effects on FEV scores. Both the team perfornmng the
tests and the spirometer used to measure the results were found to
significantly affect FEV scores

The TSP and sulfate pollution variables are found to take the expected

negative sign and to have significant effects on FEV. The TSP coefficient



is quite stable and significant in fall and spring; the sulfate coefficient
is highly significant in all rounds although its size varies by a factor of
5 over the three seasons. The TSP elasticities (the percentage change in
the mean FEV caused by a one percent change in the mean concentration of a
pol lutant) range from-0.004 to -0.019, with nost in the -0.014 to -0.019
range. Even at the high end of this range the effects are quite small.
Sul fates appear to have somewhat |arger elasticities--from-0.077 to
-0.072. The effect of a 50%increase in either TSP or sulfates woul d be
equi val ent to bei ng about one year younger or (since age and height are
correl ated) one-seventh of an inch shorter.

By conparing the size of the conparable and significant pollution
coefficients for the asynptomatic and synptomatic regressions, it is
apparent that pollution has a greater effect on the FEV of synptomatic

children than on the FEV of asynptonatic children, although the differences

bet ween conparabl e coefficients are significant at the 95% | evel only for
sulfates in the fall round. Crowding, education, and famly size are al

| ess robust variables in the split sanples. In addition, crowding, at
least in the fall and winter rounds, appears to be nore beneficial to
synptomatics than asynptonati cs.

Attempts to isolate the effect of |agged pollution exposures on FEV |
scores were generally unsuccessful. [In addition, alternative nonlinear,
specifications of the lung function-air pollution relationship performed no
better than the linear specification. W also found that daily pollution
data are generally better at explaining variation in lung function scores

than nmonthly average data
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| nt roducti on

Few epi dem ol ogi cal studies have attenpted to derive a functiona
rel ati onship between lung function of children and daily TSP and 302
exposure (USEPA, 1982, pp. 14-44). Lunn (1967 and 1970) found significant
associ ations between lung function (FEV.75) in children and exposures to
SO2 and particulate matter in anbient air, although it appears that
communities were characterized by their yearly, rather than daily,
pol lution levels. Lawther, et al. (1970) used daily "British Smoke" and
So2 measures to search for associations between air pollution and |ung
function. However, adults with bronchitis were the target group. Later
work by Lawther, et al. (1973 and 1974) broadened the target group to
include healthy adults, but data for only four healthy adults and two
bronchitics were anal yzed.

The present study derives concentration-response functions for the
effects of daily average TSP, RSP, sulfate, and nitrate concentrations on
lung function in school -age children living in one of six Birmngham
Al abama communities. A though this data set has been available since 1977,
it has been analyzed only once--along with data gathered from twenty-four
other communities in six additional SMBA's. Hasselblad, et al. (1981) used
ANOVA to explain variation in FEV.75 with variables for passive snmoke
exposure, presence of gas stove, education of famly head, and the childs
age, height, and sex. In addition, and of nmost relevance here, they found
that community of residence as a proxy for pollution exposure and other
environmental risks is a significant risk factor. Wile one may suspect
that pollution differences across communities may explain sone of the
variation in FEV scores, attenpts by Hasselblad, et al. to explicitly

include a wide range of pollutant nmeasures were generally unsatisfactory.



The present study explicitly examned the effect of daily and nonthly
pol lution concentrations on lung function. Tests were also made of the
effect on lung function of the variables found in Hasselblad, et al. and
sone additional variables--famly size, race, crowding (nunber of rooms per
fanily menber), and having a nmother as head of household. The effect of
equi prent and team menber bias on lung function was also exami ned. The
above tests were conducted on both the full sanple and sub-sanples of
individuals with and w thout asthma, cold synptoms, or bronchitis. In
addition, an analysis of |agged pollution effects was perfoz-med.1
Finally, we conpared regression results with daily pollution data to those
with nonthly average pollution data to test alternative hypotheses about

the tenmporal relationship of air pollution to lung function.

Data Characteristics

The data for this study were collected in Birnmngham Al abama, from
Cctober 1972 to May 1973 as part of the EPA's Community Heal th
Environmental Surveillance System (CHESS). Birm ngham was chosen for the
high level of particulates in some communities. El enmentary school children
(aged six to fourteen) within each of six communities were tested for
pul nonary function (FEV.75) in each of three rounds (Cctober-Novenber 1972,
January- February 1973, April-My 1973). Measurenents were nade with a 12-L
bel | ows-type spironeters with digital readout?. Each child was given
spironeter tests during one day in each round until three acceptable

measurenents were obtained. Then, the nmaxinumreading for that round was

1. Dockery, et al. (1981) found that declines in pulnonary function
persisted for one to three weeks after exposure to episodic |evels of TSP
and soa.

2. See Hasselblad, et al. (1981) for details on protocols and
i nstrumentation.



chosen. Synptoms at the time of testing were also noted.

Before testing began, a chronic disease questionnaire based on the
British Medical Research Council's Chronic Bronchitis Questionnaire was
sent hone with each child to be filled out by the nother. It contained
denographi ¢, socioecononmic, and health-rel ated questions, as well as a
question on the presence of a gas stove. Table 1 presents summary
statistics for the non-pollution data used in this study. Only children
living and attendi ng school. within one mle of the sane nonitor
participated in the study.

Twenty-four hour average pollution concentrations at six nonitors were
collected by EPA for total suspended particulates (TSP), respirable
particulates (RSP), sulfates and nitrates. Table 2 provides the average
and maxi num anbi ent concentrations of pollutants by nonitor by season for
the observations in our sanple, and a correlation matrix. Because RSP and
TSP are so highly correlated, we dropped one of these neasures (RSP) from
further analysis. Because RSP data are missing for many days during the
fall and spring rounds, using TSP instead of RSP al so increases the sanple
sizes in these two rounds

When the health data set was nmatched to the daily pollution data, it
becane apparent that the pollution data had a nunber of gaps, particularly
in Fall 1972. Many observations woul d have been lost if we required each
child to have conplete data in all three periods. Accordingly, this
restriction was relaxed and the nunber of observations in the regressions

now varies sonewhat by period, by pollutant mx, and by lag structure.

Anal ytical Methods

Linear and non-linear regression was used to analyze, in each round,

the relationship between FEV scores and age, height, sex, race (white or



: C D ' Table 1 , ,
' . e , Descriptive Statistics !

o j : Fall - g ‘ Winter Sprin

8
) (N = 1792) (N = 4303) (N = 4816)

Mean Mean . . ' Mean .

(%) £))] Min Max X) sb Min Max (X). Sp Min Max
FEV (1iters) 1.42 0.39 47 3.14 1.51 40 53, 3.3 1.55 .40 47 3.51
AGE1 9,03 1.80 6 13 10,00 1.73 7 14 10,02 1.74 7 14
HEIGHT (inches) 54.03 4.7 KX 69 54,76 4.59 35.5 69,5 55,18 4.51 41 71
BOYS (%) (52) (51) ! (51)
WHITE (X) (50) )] (72) i

. ) '

PPDHOM (avg)! 0.32 0.31 . 0.30
PPDDAD (avg) 0.45 0.50 0.49
6As ()2 (22) (20) (20)
EDUC (years)3 11.70 3.06 6 18 12,45 2.89 6 18 12,24 2.95 6 18
CROHD‘ 1.16 0.47 ~ 0.17 4.5 1,30, 0,45 0.17 4.5 1.26 0,45 0.17 4.5
FAMSIZE (1) 5.69 2.19 2 15 5.17 1.74 2 5 5.29 1.84 2 15
HOMHEAD® (%) (20.0) (12.3) (13.4)
BrRONC® (%) (15.0) (17.5) (16.8)
assm’ (%) (3.1) (4.1) ' (3.3)
coLosnf® (%) (22.9) (30.0) S L)
Notes:
1. Packs per day smoked by the mother
2., PFamily uses s gas stove
3. VYears schooling of family head
4, Family size/number of rooms in house
5. Mother is head of household
6. Child has had bronchitis symptoms in last 3 years
7. Child has had asthma aymptoms on day of lung function test
8,

Child has had cold symptoms on day of lung function test




Table 2
Descriptive Statistics
Pol lution Vari abl es:

Pear son
Correl ation-Coefficients

St andar d

Mean Devi ation Maxi mum RSP SULF NI T

Fal | TSP 74. 1 156 . 87 - 77 .95

RSP 28.5 49 -.92 .97

N = 880 SULF 9.1 11 -.93
SULF 1.5 3

TSP 73.6 32.1 157 -.34 .83

N = 1792 SULF 7.6 2.8 11 -.09
NI T 1.1 0.8 4

W nt er TSP 85.6 60.9 306 .75 .48 .35

RSP 44 4 110 -.03 .56

N = 4303 SULF 7.4 3.25 14 -.25
NT 1.0 0.63 2

Spring TSP 64. 4 252 .90 .05 .33

RSP 22.1 121 .20 -.01

N = 2868 SULF 7.9 24 -.09
NIET 1.5 2

TSP 68.0 31.2 252 -. 07 .33

N = 4816 SULF 10.7 7.7 26 -.39
NI T 1.3 0.5 2



other), packs per day snoked by the nother, and, separately, by the father,
an interaction termfor age by sex by nother's snoking status, type of
stove heat (gas or other), education of famly head, number of fanmly
menbers per room famly size, nother head of household (yes or no), the
presence of active asthma or cold synptons on the test day, the presence of
chronic bronchitis, and dummy variables for the teans and the spironeters
used in the lung function tests. The latter variables were used to capture
any biases in the admnistration of the tests or the neasurenent of test
scores. Finally, we added pollution variables, including the 24-hour
average concentrations of pollutants the day of the FEV exam and the day
before the exam these terms in squared or log form (to test for particul ar
nonlinear relationships), the average daily values for the previous week

t he maxi num daily concentration for the previous week, and the average for
t he previous nonth.

W assunme, for the first part of this analysis, that the presence (or
probability) of asthma, chronic bronchitis, or cold synptons on the one day
per season a child was tested is unrelated to pollutant exposure or the
ot her independent variables. These assunptions allow the full sanple to be
anal yzed. Note, however, that synptom and chronic disease variables my
be determ ned simultaneously with the lung function variable. In this
case, attenpts to explain any one of these dependent variables with QLS may
| ead to biased and inconsistent estinmates of the regression coefficients
(Pindyck and Rubinfield, 1976, Chapter I|X). Because of limted time and
budget, we leave this nore conplicated problem of sinultaneous equation
estimation for further research.

Because the assunmption of no relationship between synptons and.

pollution is unrealistic, in the subsequent analysis, we estimate



regressions for the subpopulation of normal, asynptomatic children and then
t he subpopul ati on of synptomatic children who participated in the
Bi rm ngham study. A synptonatic child is defined as one who had asthma
synptons or cold synptons on the day of the test, or who has chronic
bronchitis. An asynptomatic child is defined as one who has none of these.
Col linearity problems were examned with the aid of a diagnostic
package in SAS based on Belsley, Kuh, and Welsch (1980). W found little
collinearity between the non-pollution variables, except for age and
height. The pollution variables were another story. As table 2 shows, TSP
and RSP are highly correlated. Therefore, we ran separate regressions on
each. As the results for TSP were superior, nost of the regressions were
run using this expression for particulates. Pollution variables for the
other pollutants were included only when they were uncorrelated with the
particul ate measure. The daily pollution variables are sonetinmes
correlated with their |agged values. (See Appendix Table A-1.) W tried
alternative forms of the lagged variables both to find those which were
uncorrelated and to explore those which fit the data best.

Finally, we made several attenpts at fitting a Box-Tidwell

A
i

wher e Xi is the ith independent variable. This specification allows the

specification to the data. This nonlinear specificationis FEV=a+b,X;i+e,
concentration-response function to be concave, convex, or a straight |ine
{A=1), with this choice determned by the criterion of ninimzing the sum
of squared residuals. Unfortunately, with nore than two OF three

i ndependent variables in the regression, a solution nay not energe. As

such was the case here, we do not discuss this specification further.



Resul ts--Ful | Sanple

The results of the above analysis on synptomatic and asynptomatic
children combined are presented in Tables 3 through 6. Table 3 presents
representative results with pollution variables in linear form but not
| agged.

The variables in this general nmodel explain, in each of the three
rounds, about 74% of the variation in FEV scores. Age, height, sex, and
race account for nost of this variation, along with dummy variables for
presence of chronic bronchitis, asthma synptons, and cold synptons. The
size of the age and sex coefficients are close to those of Hassel bl ad, et
al. (1981). O lesser inportance, but with generally significant, positive
effects on FEV is educational attainnent. Famly size and crowding in the
house have unexpected positive, but snmall, effects on FEV scores. Both the
team performng the tests and the spironeter used to nmeasure the results
were found to significantly affect FEV scores. Fortunately, because the
testing protocol rotated teams and nachines over all six exposure areas,
the bias inparted to the FEV scores can be renmoved w thout affecting
estimates of the effect of pollution exposures

Finally, the TSP and sulfate, pollution variables are found to take the
expected negative sign and to have significant effects on FEV. The TSP
coefficient is quite stable and significant in fall and spring; the sulfate
coefficient is highly significant in all rounds although its size varies by
a factor of 5 over the three seasons. In fall and spring, nitrates had a
negative but quite insignificant effect on pulnonary function scores ( not
shown), although high collinearity between nitrates and TSP in the fall nay
be obscuring such an effect. Surprisingly, in winter (shown as regression

(3), nitrates appear to have a positive and significant effect on lung



Table 3 -
Regression Results: Linear Pollution Specifications
Fall Winter Spring
(.. . 2 (3 . (5)
INTERCEP -2.1138% -2.4792% -2.5110% -2.5698#% -2.5590%
(0.0849) (0.0525) (0.0509) (0.0508) (0.0514)
TSP -0.0004% -0.0001 -0.0003% =0.0004%» -0.0003%
(0.0002) (0.0001) (0.0001) (0.0001) (0.0001)
SULF -0.0118% -0.0055* -0.0025%
(0.0022) (0.0010) (0.0004)
NITRATE 0.0312% -0.0092
(0.0057) . (0.0064)
AGE 0.0241% 0.0272% 0.0269#% 0.0130% 0.0129%
(0.0048) (0.0030) (0.0030) (0.0029) (0.0029)
HEIGHT 0.0599% 0.0634% 0.0634# 0.0683% 0.0683%
(0.0018) (0.0011) (0.0011) (0.0011) (0.0011)
BOYS 0.1059#% 0.0893% 0.0892% 0.0857% 0.0857*%
(0.0113) (0.0070) (0.0070) (0.0068) (0.0068)
WHITE 0.1773% 0.1812% 0.1661% 0.2026% 0.2029%
' (0.0133) (0.0099) (0.0107) (0.0085) (0.0085)
"7 TEAM1 -0.0055 0.0007 -0.0256% -0.0258%
' (0.0090) (0.0090) (0.0090) (0.0090)
- TEAM2 -0,0483% -0.0477® -0.0569% -0.0569%
. (0.0088) (0.0088) (0.0086) (0.0086)
TEAM3 0.0280% 0.0220% -0.0392% -0.0396%
(0.0096) (0.0095) (0.0082) (0.0082)
“"SPRNO1 0.0217 0.0678% 0.0597% 0.0426% 0.0423®
(0.0151) (0.0094) (0.0093) (0.0087) (0.0087)
" . SPRNO2 0.0617% 0.0563% 0.0532% 0.0441% 0.0446%
) : (0.0139) (0.0091) (0.0090) (0.0084) (0.0084)
"SPRNO3 -0.0011 -0.0005 0.0018 0.0640 0.0640%
(0.0138) (0.0091) (0.0091) (0.0084) (0.0084)
PPDMOM © 0.0113 -0.0072 -0.0058 -0.0128 -0.0127
(0.0146) (0.0087) (0.0087) (0.0085) (0.0085)
- PPDDAD 0.0025 0.0033 0.0030 0.0008 0.0007
. . (0.0089) (0.0051) (0.0051) (0.0051) (0.0051)
GAS -0.0033 0.0017 0.0018 0.0081 0.0079
(0.0118) (0.0079) (0.0008) (0.0076) (0.0076)
EDU - -0.0007 0.0023% 0.0023% 0.0023% 0.0023%
(0.0020) (0.0012) (0.0012) (0.0012) (0.0012) .
~~-CROWD- ° 0.0384# ~ 0.0291% 0.0294# 0.0316% 0.0321%
R (0.0052) (0.0100) (0.0099) (0.0097) (.0097)
- FAMSIZE 0.0030 0.0062% 0.0061% 0.0045 0.0046%
Ce T (0.0032) (0.0026) (0.0026) (0.0024) (0.0024)
MOMBEAD -0,0133 0.0096 0.0089 -0.0012 -0.0014
: - (0.0133) (0.0101) (0.0101) (0.0095) (0.0095)
BRONC -0.0124 0.0010 -0.0008 -0.0168#% -0.0168%
) ' (0.0138) (0.0082) (0.0082) (0.0081) (Q.0081)



Table 3 (Continued)

Fall Winter “Spring
(1) (2) (3) (4) (s
ASSTMP -0.0972% =0.0744n -0.0720% -0.0741% -0.0736%
{0.0281) (0.0157) (0.0157) (0.0168) (0.0168)
CDSIMP -0.0283% -0.0277T* -0.0270% -0.0282% -0.0279%
(0.0116) (0.0068) (0.0068) - (0.0073) (0.0073)
PKBYAG -0.0036 -0.0020 -0.0020 -0.0004 -0.0004
(0.0021) (0.0011) (0.0011) (0.0011) (0.0011)
F . 251.4 562.0 563.4 591.0 566.5
R™ adj. .7366 .7500 .7504 .7381 .7382
N 1792 4303 4303 4816 4816

Numbers in parenthesies are standard errors.
"#" means the coefficient 1s significant at the 95% level.



1

function. A though high collinearity can |lead to such perversities,
collinearity diagnostics reveal no particular problems with the nitrate
variable. Gven the instability of the results for nitrates across rounds
and the insignificant effect the nitrate variable has on the results for
other variables (except that its inclusion tends to increase the
significance of TSP in winter), we drop this variable from further

consi derati on. Further research on this anonol ous effect appears
war r ant ed.

To obtain sone idea of the size of these pollution effects, we conputed
elasticities at nean values (the percentage change in the mean FEV caused
by a one percent change in the nean concentration of a pollutant) and
compared the size of the pollution coefficients to those of other
variables. The TSP elasticities range from-0.004 to -0.019, with nost in
the -0.014 to -0.019 range. Even at the high end of this range the effects
are quite snall. Sul fates appear to have sonewhat |arger
elasticities--from-0.017 to -0.072. Considering regression (5), the
effect of a 50% increase in either TSP or sulfates would be equivalent to
bei ng about one year younger or (since age and height are correl ated)
one-seventh of an inch shorter.

Table 4 presents the results of regressions with a nunber of different
| agged specifications for the pollution variables. Mst of those we tried
evi denced too nuch collinearity between the day-of-test pollution variables
and its lagged value to be useful. Lagged values that were significant
usual ly took the reverse sign of the current day variable. \Wen only
| agged variables were included in the regressions, their coefficients were

generally snaller and | ess significant than those for the current day.



TR ‘ i . " o
. o C ' L i Table 4
' Regresaion Results: Alternative Lag Structures, By Round

¥

£

' N Fall ' : Winter Spring g ‘
(7
i

X (1) @ .0 *) (5 (6)
!
TSP -.00029 ~.0011 .00027% ~,00009 -.00038% -.00043%¢ -.ooimn
(.00021) (.00076) (.00009) (.00007) (.00010) (.00017) (.00011)
TSPLG .00020° -.00035% .000009
(.00032) (.00011) (.0002)
TSPWK : -.0011°¢ .00016°
: (.0010) (.00033)
TSPMAX .00010 . -.00031%
(.00016)c (.00009)
SULF -.0175%¢ -.0057¢ -,0095% -.0110° -.0070%c -.0023#* . -.0029%
(.0068) (.0063) (.0016) (.0024)" (.0019) (.0006) (.0007)
SULFLG .0033° .0049% .0044%
(.0038) (.0011) (.0019)°
SULFWK -.0132¢¢ ) -.00023c¢
(.0130) : (.0010)
SULFMAX .0048%¢ . 00005
(.0012) (.00066)
F, 228.4 228.5 519.9 519.4 544.7 543.5 545.3
R® adj. 1364 . 7365 .7510 7508 L1384 ,7380 .7386
N 1792 1792 4303 4303 4816 4816 4816

¢ = highly collinear with another pollution variable,
* % a gignificant at the 95% level.
Numbers in parentheses are standard errors. .

A



Table 5 reports the results for regressions identical to those in table
3 except that TSP and/or sulfate values are squared before the regressions
are run. Using this squared specification has the effect of testing the
pl ausi bl e proposition that higher concentrations of pollution have a nore
than proportional negative effect on lung function

The squared specification performs simlarly to the linear form Both
pol lutants show negative and significant effects in each season (except TSP
in the winter under either specification). Wile on a priori grounds we
may have reason to chose the squared specification over the linear, it is
possible to test whether one is statistically superior to the other at
explaining variation in lung function. W use the Ctest of Davidson and
MacKi nnon. (1981), which involves running two regressions. |n one
regression, the dependent variable is the residuals froma regression run
using the squared pollution variables (such as in table 5). The
i ndependent variable is a termequal to the difference in the predicted
values for lung function over the squared and l|inear specifications. The
second regression explains variation in the residuals for the specification
with the linear pollution variables using the same independent variable.
The coefficient on these differences is ;. If the hypothesis @ = 0 cannot
be rejected in the first regression but @ = 0 can be rejected in the
second, the specification with the squared pollution variables is superior.
The reverse outcome would indicate that the linear specification is
superi or.

The results of this test, shown below, do not indicate a clear w nner.
Thus, we conclude that both specifications explain variation in |ung

function equally well



Table 5

ressios Results: wared Pollution Specificatiosm;
- Ihmul Rffects of the and Squared Specifications
Il Mister Ssring
NTERCY 2.17430 =2.4855 =2.6050°
(0.0815) (0.0508) (0.0500) .
TSPSQ 2113 105 9232100 1.4 x 109
- (7.3 2107 (2.1 x10°") (4.3 210
Sarsq ~0.00075% <0.00029*_, -7.0 x 10"
(0.00015) (5.9 £ 107) a.s x 1073
Gz 0.0240* 0.0271* 0.0130*
(0.0047) (0.0030) (0.0030)
BIGHT 0.0599% 0.0634% 0.0683¢
(0.0017) (0.0011) (0.0011)
BOTS 0.1061¢ 0.0893¢ . 0858
(0.0113) (0.0070) (0.0068)
HITE 0.18%9¢ 0.1809* 0.2053¢
(0.0132) (0.0101) (0.008S)
m ~0.0064 ~0.0275%
- (0.0091) (0.0091)
e «0.0484¢ =0.0606%
(0.0088) (0.0085)
a0 (g.ozm; ?moa;
0096 0.0082
SPENOI 0.0212 0.0681% 0.04268
: (0.0152) (0.0094) (0.0087)
SPINO2 0.0624¢ 0.0561¢ .0456%
(0.0139) (0.0091) (0.0084)
ST 0.0016 ~0.000%9 . 0640%
(0.0138) (0.0091) (0.0084)
rrooe 0.0108 «0.0072 «0.0128
(0.0146) (0.0087) (0.008S)
PPIDAD 0024 0.0034 0.00072
(0.0089) (0.0051) (0.00S1)
Qs - -0.001S 0.0014 0.0097
€0.0117) (0.0079) (0.0076)
s -0.00046 0.0022+ 0.0026*
(0.0020) (0.0012) 0.0012)
bl o.c151) (3'Wm (°o'mm1)
( » . -
PANSIZE w.m) (g.m; ) anss;
~ .m OM o.m
L -0.0133 0096 -0.0014
(0.0133) 0.0101) . (0.009S) _
BRONC - -0.0128 0.0013 -0.0174%
- - (0.0138) (0.0082) (0.0081)
Assmep ~0.0981% ~0.0746* <0.0767%
(0.0281) (0.0157) (0.0169)
cosne -0.0285* ~0.0276% -0.0280% .
; (0.0116) (0.0068) (0.0073)
PXBYAC =0.0035+ =0.0020+ =0.00036
- - (0.0021) (0.0011) (0.0011)
Adj !z . 0.7364 0.7501 0.737s
F - 251.2 562.3 $89.2
» - 1792 4303 AB16
OFEV/AR; X = - T T 98P guitgres rer
Saligtes g fates =P Sulfates
${1100ar) ~.0006  -.ons s 107 oS3 -
- 282 g ) -.0003 -.011% ~1.6 2 1077 ~_0043 -,0002 -.0015
* 5 /2 100 7.82 83.3 9.0 143 17.86
Max X & 157 1 206 14 252 26
Mesa X 73.6 1.6 8s5.6 7.4 68 10.7
Numbers in parsstheses sre standard errors.
"8” msans the coefficient is significant at the 952 level.
“+” means the coefficient is significant at the 902 level.
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Esti mat ed H
Mbdel Val ue of a t Val ue 0 (e =0)
a + bX, 1.55 1. 070 accept
a+ oX -0.55 -0. 381 accept

The magni tude of the effect of each pollutant on lung function can be
compared for the two alternative specifications and for each season. At
the bottomof table 5 the narginal effects are presented (eval uated at the
mean pollutant concentration in the case of the squared specification). In
all three seasons and for both pollutants, the marginal effects are |arger
for the linear specification. However, at higher pollution levels, the
margi nal effects increase using the squared specification. Indeed, as
shown in table 5, at concentrations that exceed the mean but are,
neverthel ess, comonly observed in each season, the marginal effects on
lung function estimated with the squared specification exceed those
estimated with the linear.

The results can al so be conpared for a given specification, but across
seasons. The marginal TSP effects are quite simlar across seasons wth
either the linear or the squared specification. However, the nargina

sulfate effects are greatest in the fall and lowest in the spring.3

3. Assuming the squared relationship is the correct one, this finding,
is, at first glance, surprising. The squared specification predicts that
lung function.readings will be nore than proportionally |ower for those
exposed to higher sulfate concentrations. Because the margi nal effect of
sulfates on lung function is estimated to be greatest in the fall and
smal lest in the spring, one would then expect to find that average
pollution values in the fall exceed those in the spring (assumng that the
distributions of sulfate concentrations are simlar in both seasons).
However, contrary to expectations, table 5 reveals that average sulfate
concentrations are nuch lower in the fall than in the spring.

Neverthel ess, when the air quality data are transformed into their nore
appropriate log-nornmal distribution, the apparent contradiction disappears.

Conparing averages now, we find that the nean |og sulfate concentration in
the fall is significantly greater than that in the spring.
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Finally, we investigated two additional specifications for the
pollution variables: 1) the log formand 2) the linear formw th a term
for the interaction between TSP and sulfates. Regressing the |og of
pol lution concentrations against |ung function scores has the effect of
testing for a less than proportional relationship (dimnishing margina
effect) of air pollution on lung function. Table 6, which summarizes the
results of the linear, squared, log, and interaction specifications, shows
that the log formis no better or worse at explaining variation in |ung
function than the linear and squared specifications. As the underlying
concentration-response function inplied by the log formis less medically
plausible than the linear and squared form we say no nore about it. Table
6 al so shows that adding an interaction termto the |inear specification
does not significantly inmprove fit. Collinearity diagnostics (Belsley,
Kuh, and Wl sch, 1980) reveal high collinearity among the three pollution
variabl es (TSP, SULFATES, and TSP* SULFATES), ruling out a definitive
statenent about the existence of interaction effects. As expected when
collinearity is present, the linear pollution variables become |ess

significant.

Results on Asynptonmatics- Synptonatics

The next part of the analysis concerns the differential effects of

pol lution (and other variables) on synptomatic vs. asynptonatic children
The results are presented in table 7.

By conparing the size of the conparable and significant pollution
coefficients for the asynptonatic and synptomatic regressions [(1) vs. (4),

(2) vs. (5), (3) vs. (61], it is apparent that pollution has a greater



Table 6

Regressioﬁ Results: Alternative Pollution Specifications, by

Round
FALL WINTER SPRING
1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (1) (12)
TSP ~.0004% -.0001 -.00030  -,0004% ~.00067+
(.0002) . % (.0001) -8 (.00031) (.0001) -6 (.00037)
TSPSQ -2.1 x 107} 3.5 x 107, -1.4 x 107 %
(7.87 x 107") (1.2x107°) (4.3 x 107"
LOGTSP -.0250¢ : -.0139+ -.0249%
(.0148) (.0074) (.0081)
SULF -.0118 -.0055% -.0021 -.0025% -.0039*
(.0022) (.0010) (.0024)  (.0004) -5 (.0017)
SULFSQ -.00075# -.00030%_, =7.0 x 1072#
(.00015) (5.7 x 1077) (1.3 x 107°7)
LOGSULF ~.0810% -.0406% -.0288%
(.0146) (.0081) (.0043) -5 -5 -
TSP*SULF -.00007+ 2.7x10 5 -3.8x10 %
(.00004) (3.1 x1077) (5.8 x1077)
F, 251.4 251.2 251.5 562.0 562.3 561.7 538.9 591.0 589.2 591.6 566.4 617.0
R 0.7366  0.7364 0.7366  0.7500 0.7500 0.7499  0.7500 0.7381  0.7375 0.7383  0.7381 0.7378
N 1792 1792 1792 4303 4303 4303 430 4816 4816 4816 4816 4816
Note: TSPSQ = the square of total suspended particulate concentrations

LOGTSP = the log of total suspended particulate concentrations
SULFSQ = the square of sulfate concentrations

LOGSULF = the log of sulfate concentrations

TSPHSULF = total suspended particulate concentration times sulfate concentration
“#" geans coefficient 1s significant at the 95% level,
"+ means coefficient is significant at the 90% level,

Nugbers in parentheses are standard errors.
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Table 7 -
Regression Results: Asymptomatics vs. Symptomgtics

Asymptomatics

(1) Fall (2) Winter (3) Spring (4) Fall (5) Winter (6) Spring

Intercept -2.0570% -2.4305% -2.5955% -2.2752% -2.5433% -2.5519%
(0.1032) (0.0702)  (0.0622) (0.1487)  (0.0799) (0.0886)
TSP -0.0004*  0.0002  -0.0002% -0.0004  -0.0006% -0.0006#
(0.0002) (0.0002)  (0.0001) (0.0003) (0.0002) (0.0002)
- SULF . =0.0072% -0.0069% -0.0022% -0.0207* -0.0036% -0.0029*
(0.0027) (0.0014)  (0.0005) (0.0036) (0.0016) (0.0006)
AGE1 0.0260% 0.0303%*  0.0137% 0.0201%  0.0227% 0.0103%
€0.0056) (0.0041)  (0.0036) (0.0089) (0.0046) (0.0051)
HEIGHT 0.0582% 0.0623*  0.0684% 0.0637%  0.0647% 0.0684%
(0.0021) (0.0015)  (0.0014) (0.0033) (0.0017) (0.0019)
. BOYS 0.1024%  0.0969%  0.0922% 0.1216%  0.0836% 0.074g#
(0.0139) (0.0094)  (0.0084) (0.0194) (0.0106) (0.0118)
WEITE 0.1939* 0,1853®*  0.2037% 0.1642%  0.1764% 0.2031%
(0.0167) (0.0129)  (0.0103) (0.0222) (0.0155) (0.0153)
TEAM1 . -0.0013  -0.0196 -0.0103 -0.0332*
(-0.0122)  (0.0111) (0.0135) (0.0156)
TEAM2 -0.0508®  -0.0552% -0.0459% -0.0573%
(0.0120)  (0.0105) (0.0132) (0.0150)
TEAM3 0.0278%  -0.0363% 0.0206 -0.0426%
(0.0131)  (0.0100) (0.0139) (0.0142)
-- SPRNO1 0.0322  0.0635*  0.0399% 0.0005  (0.0700) . 0.0uug®
(0.0183) (0.0125)  (0.0108) (0.0270) (0.0146) (0.0150)
-. .: -SPRNO2 __  0.0646® 0.0532%  0.0377® 0.0552%  0.0553% 0.0546%
(0.0172) (0.0120)  (0.0103) (0.0238) (0.0141) (0.0144)
_SPRNO3 - -0.0198  0.0047 0.0604# 0.0276  -0.0092 0.0688%
(0.0176) (0.0122)  (0.0104) (0.0224) (0.0139) (0.0146)
PPDMOM - 0.0093 -0.0000  -0.0063 0.0213  -0.0116 -0.0221
(0.0181) (0.0120)  (0.0106) (0.0249) (0.0128) (0.0145) -
PPDDAD - =0.0011 -0.0008  -0.0028% -0.0014  0.0055 0.0053
(0.0112) (0.0070)  (0.0063) .(0:0146)  (0.0076) (0.0085)
- GAS: - -=0.0131  -0.0055 0.0120 0.0262  0.0713 0.0013
S (0.0143) (0.0105) (0.0093) (0.0206) (0.0121) (0.0132)
- - EDOC -0.0010  0.0016 0.0016 -0.0005  0.0037* 0.0033 "
(0.0024) (0.0016)  (0.0014) (0.0034) (0.0019) (0.0020) -
- _CROWD. . .0.0290  0.0195 0.0373% 0.0491%  0.0371% 0.0223
(0.0189) (0.0136) (0.0120) (0.0258) (0.0148) (0.0168)
- FAMSIZE . 0.0030  0.0048 0.0048 0.0040  0.0068 0.0031
(0.0038) (0.0034)  (0.0028) (0.0059) (0.0041) (0.0045)
MOMHEAD -0.0268  0.0097  -0.0014 0.0111  0.0032 . -0.0033
(0.0161) (0.0136)  (0.0115) (0.0239) (0.0153) (0.0169)
PKBYAG -0.0040  -0.0031* -0.0014 -0.0041  -0.0012 Q.0013
(0.0025) (0.0015)  (0.0014) (0.0037) (0.0017) (0.0020)
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Table 7 (Continued)

Asymptomatics Symptomatics

(1) Fall (2) Winter (3) Spring (1) Fall (2) Winter (3) Spring

194.3 357.1 448.4 101.3 283.7 225.4

- F
82 adj. 0.7426 0.7488 0.7450 0.7236 0.7473 0.7192
N

1140 . 2390 3063 652 1913 1753

Numbers in parentheses are standard errors.
"#% means the coefficient is significant at the 95% level.




20

effect on the FEV of synptomatic children than on the FEV of asynptomatic
children. The only exception is the sulfate variable in (2) vs. (5).

However, the differences between conparable coefficients are significant at

the 95% level only for sulfates in the fall round. In this instance, the
FEV-pollution elasticity (the percentage change in nean FEV scores froma
1% change in the nean sulfate concentration) for synptomatics is -0.108,

whi ch neans that the synptonmatic reaction is considerably greater than that
of the general population (-0.072).

Results for some of the other independent variables are interesting in
conparison to those for the conbined sanple. Crowding, education, and
famly size are all less robust variables in the split sanples. In
addition, crowding, at least in the fall and w nter rounds, appears to be

more beneficial to synptomatics than asynptonatics.

The Consequences of Increasing Pollution Data Det ai

Qur data base contains pollution data corresponding to the month and
the day, respectively, that the lung function tests were given. Thus, we
are in a position to examne the effect of using nore or less finely
detailed pollution data on explaining differences in lung function. Wile
clinical research clearly identifies a nore or less imrediate reaction of
FEV to hourly exposures (followed perhaps by adaptation), the response of
FEV to |l onger-term exposures has not been as well established. By
replacing daily concentrations with corresponding nonthly values in the
above regressions, we are in a position to conpare pollution coefficients
at two levels of tenporal detail. Assuming that |onger-termeffects are

zero, then the nmonthly data are just inperfect proxies of daily data. In



21

this case we woul d expect the nonthly variables to be less significant and
have a smaller coefficient than the dally variables; That this is so is
intuitively reasonable. In addition, if using the nonthly concentration is
t hought of as measuring the daily concentration with error, the estinate of
the FEV pollution relationship will be biased and inconsistent. In
general, the true relationship will be underestinmated (Johnston, 1972, p.
281-3).

An alternative hypothesis is that |onger-term (nonthly) exposures
affect lung function nore than daily exposures. In this case the nonthly
correlation variable should be nore significant and have a smaller (larger)
negative coefficient than the daily variable. Mxed results would, of
course, leave this issue in doubt.

To test the alternative hypotheses we re-ran nost of the above
regressions, including those with both the full and the split sanples, with
monthly pollution values as explanatory variables. Table 8 shows the
results.

Al though only 18 conparisons of pollution coefficients were made (two
pol lutants, three seasons; full sanple, synptomatics, and asynptomatics),
the results are striking. There are no instances where the coefficient on
the nonthly pollution variable is significant while the daily coefficient
is not. This is evidence that the effect of pollution on FEV is a very

2

short-term phenonenon. Note also that in all 18 cases r~ and F statistics

for the regressions with daily variables exceed those using nonthly
vari abl es; on average rS/rﬁ
even for the cases where both nonthly and daily pollution variables are

= 1.0037 and FD/FM = 1.0133. This result holds

significant.
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Table 8
Comparison of Regression Results

TTT T T Monthly (M) versus Daily (D) Pollution Coefficients

1
M, % D®° D*_ M MR D M, D Totals
Sul- Sul- Sul- Sul- Sul-
TSP TSP TSP TSP TSP

I Pt Pt mm P e Padbam Poapas

P - 271 - =4 -l a LR - Y2~ ] E Y~ A —~1 - Ch WD
IMi>ipf 12 5 0 o o 0 1 0 2 5
iMILIDI 1 0] 4 4 o} 0] 2 0] 7 4

.

]
Q
b
7]

1
[}
U

Q
<
w
<
(Vs)
€O

---~1. An-"%".-peans that the pollution coefficient is significant at the 95%

2. Each entry in the table refers to comparisons in the significance and size
of the_monthly vs. the daily pollution coefficients estimated in otherwise
_identical regression specifications. In column 1, of two such comparisons
where both the monthly and daily TSP coefficients were significant, in one the:
absolute value of the monthly coefficient exceeded that of the daily value, in-
the other the reverse was true.
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Viewing the two pollution variables separately, the picture becomes a bit
blurred. The above result quite clearly applies to TSP, where in 5 of 6 cases
the daily coefficients are larger (in absolute value) than the nonthly
coefficients. However, for sulfates, only 4 of 9 cases show this relationship.

Further, the coefficient for the nmonthly variable is always |arger than that

for the daily variable whenever each measure is significantly related to FEV

scores. W have no explanation for this result.

Concl usi on

We found statistically significant |inear relationships between FEV.75
measurenents for a sanple of Birm ngham Al abama school children taken during
three consecutive seasons of the 1972-73 school year and the 24-hour average
concentrations of TSP (or RSP) and sulfates on the day of the lung function
tests. Because of high collinearity between TSP and RSP the separate effects
of each cannot be determined. Ntrates had a generally insignificant effect,
except in the winter round when exposure to higher levels of nitrates appears
to have increased lung function scores. Attenpts to isolate the effect of
| agged pollution exposures on FEV scores were generally unsuccessful. In
addition, alternative nonlinear specifications of the lung function-pollution
relationship performed no better than the linear specification. W also found
that daily pollution data are generally better at explaining lung function
scores than nonthly average data. Therefore, using nonthly instead of daily
pollution data are likely to cause an error-in-variables problem Considering
the other independent variables in the study, we found correctable biases
introduced by the teans and nachines used to conduct the tests and a positive

rel ationship between the head of househol d's educational attainment and the



24

child's FEV score. However, neither snoking habits nor type of stove fuel used
had any effect. Finally, we found unexpectedly that nore crowding in the hone

and larger famly sizes were associated with higher Iung function scores.
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SULF
NITR |
TSPLG]
SULFG
TSPUK
SULFWK
TSPMAX
SULFMAX
TSPMO
SULFMO

TSP
SULF
NITR 1
TSPLG 1
SULFLG
TSPWK
SULFWK
TSPMAX
SULFMAX
TSPMO
SULFMO

" Table A-1'"

Correlation Coefficients Between Pollution Variables, by Round

| ' Fall (n = 1792)

Ni‘l’R TSPLGY SULFLG) TSPWK SULFWK TSPMAX SULFMAX TSPMO

TSP, ,  SULF SULFMO
- ~.34 .83 .22 ~.53 -.50 -.084 -.49 -.83 -.64 -.81
-.09 42 .83 49 N .60 .75 .48 .68
.67 -.44 .04 -.76 .05 ~.51 -.24 -.47
~-.02 270 -.14 .72 .24 47 .28
.20 .79 .31 67 .18 .33
.37 .99 74 .97 .90
.42 .90 .58 .83
.78 .88 .81
.84 .98
.92
Ninter (n = 4303)
TSP SULF * NITR TSPLG SULFLGl  TSPWK SULFWK TSPMAX SULFMAX TSPHO  SULFMO
- A48 .35 .55 ~.15 .57 -3 .66 -.07 .76 .04
-.25 .49 .52 A4 neg .78 .59 .61 .58
.30 .02 -.06 ~.06 -.21 -.12 .13 -.18
.42 Al ~.22 .64 .06 .58 .05
.08 .49 .15 .76 .09 .61 -
-.01 .67 .29 .67 .35
-.42 N -.54 .73
17 .84 .20
.05 91
.03

9¢
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Table A-1 (Continued)

Spring (n = 4816)

TSP SULF NITR TSPLG) SULFLG] TSPWK SULFWK TSPMAX SULFMAX TSPHMO SULFMO
TSP - -.07 X .60 -, 10 76 .16 .38 .04 .66 .08
SULF . " ~.39 -.09 .98 ~.25 47 -.26 .79 -.2b .93
NITR 1 .21 -.51 .10 -.20 15 ~,42 .03 -.44
TSPLG 1 ~.05 .72 .27 42 .03 .60 .03
SULFIG ~.20 .48 ~-.26 .78 ~.25 .93
TSPUK . .38 .52 .07 .82 =07
SULFWK .13 .67 .17 .52
TSPHMAX -.04 72 ~.14
SULFPMAX . : .07 .75
TSPMO -.03
SULFMO : —_—
Notes:

1. TSP, SULF, NITR (24-hour reading the day of the test); TSPLGI, SULFLG1 (24-hour reading the day before the test); TSPWK,
SULFWK (average of daily 24-hour readings taken the week before the test day): TSPMAX, SULPMAX (the maximum daily readings
during the week before the test date); TSPMO, SULFMO (the monthly average of the 24-hour readings taken before the test
date).




